The physical factors, which influence on structural state and phase composition of nitride coatings based on multicomponent alloys obtained by means of vacuum-arc deposition method have been determined. It was shown that the increase in partial pressure of nitrogen ensures the formation of a single phase solid solution with fcc crystal lattice. Under the pressure of nitrogen atmosphere below 10 -3 Pa, a single phase solid solution with a bcclattice is formed; and within the pressure of nitrogen PN  10 -3 -8  10 -22 Pa, a two-phase system of solid solutions with bcc and fcc lattices is observed. With an offset potential of -70 V, a texture [100] is observed; and within the alteration of bias potential of (-70 V --90 
INTRODUCTION
Recently, considerable attention has been paid to the study of protective nitride coatings based on multi-component alloys, which are characterized by hight high mechanical properties (increased hardness and thermal stability) ([see, for example, [1] [2] [3] ). Most of the scientific works are dedicated to the study of nitride coatings based on multi-component alloys, which are obtained by means of ion-plasma methods, such as magnetron sputtering and vacuum-arc deposition [4, 5] .
The properties of nitride coatings based on high entropy alloys can be controlled by changing the conditions for obtaining them (e.g. by altering bias potential applied to the substrate, the temperature of the substrate or the concentration of nitrogen in the mixture of the operating gases).
Physical factors that influence the formation of structure of the nitride protective coatings obtained by means of vacuum-arc deposition of material based on multicomponent alloys have been analyzed and defined in this study.
MULTICOMPONENT (HIGH ENTROPY) ALLOYS
The results of the analysis of the literary data indicate that nitride coatings based on high entropy alloys can be obtained in a single phase substitutional solid solution, which, by its nature, is both highly firm and thermodynamically stable in comparison with multi-phase solid solution. The positive result is achieved by selecting such a number of components and the ratio of their concentrations in the alloy, at which an elevated values of mixing entropy are formed in design compositions, along with this, such a value of entropy is present not only in melted state, but also after solidification. Reduced free energy of the alloy determines stability of solid solutions during the subsequent heat treatment. High mechanical performance at high temperatures is ensured owing to severe distortion of the crystal lattice (bcc, as a rule). At the same time, the higher entropy of mixing is, the more these characteristics of the alloy are manifested.
To predict the collective behavior of elements in a multi-component alloy, works [6] [7] [8] suggest using such physical parameters as difference in atomic radii, enthalpy of mixing (H mix ) and entropy of mixing (S mix ), the difference in electronegativity , concentration of valence electrons VEC.
When selecting alloying elements to produce multicomponent coatings based on nitrides, the features of nitride formation need to be taken into account, as well as properties of components forming the alloy. The most stable nitride phases form metals groups IV-V (Table 1) .
NITRIDE COATINGS BASED ON MULTI-COMPONENT ALLOYS
Nitride coatings based on high entropy alloys show high hardness, strength, and thermal stability [1, 2] . The main physical parameters that influence on formation of coatings by means of vacuum-arc deposition method, are partial pressure of the operational gas and bias potential, applied to the substrate, which allows to regulate energy of the deposited ions in a wide range [4] .
Analysis of the diffraction spectra of nitride coatings formed based on high entropy alloys TiZrHfVNbTa by means of vacuum-arc deposition method ( Fig. 1) has shown that formation of monophase state based on fcc metal lattice of NaCl type occurs in this structure, obtained both at a low pressure of 0.09 Pa and at a relatively high pressure of nitrogen atmosphere (PN  0.4 Pa). But the spectrum also contains low intensity bcc peaks (up to 7% of volume). This can be explained by the presence of a droplet phase in the coating. (2) and PN  0.09 Pa (1) [10] When studying the structural state of nitride coatings based in (TiAlZrNbY) system, obtained at the lowest pressure of (0.05 Pa), the phase with bcc lattice is also detected. This is inherent for the structure of high entropy alloy with no formation of own nitride lattice [111] . The size of the crystallites of the bcc phase is small enough and is 7,7 nm.
In the coatings obtained under the high pressure of the operating atmosphere of 0.3 Pa (curve 2 in Fig. 2 ), except for the constituent part with bcc crystal lattice, the nitride phase, corresponding to fcc lattice, is formed. The size of the crystallites of bcc phase was about 11.5 nm, and of the nitride fcc phase it was about 5 nm. Lattice period, determined by the position of maximum of diffraction peak was 0.462 nm. The ratio of bcc and fcc phases is close to 1/2. The obtained results indicate the presence of bcc phase in the coating, which is mostly determined by the droplet phase, which has a crystal structure at all pressures of nitrogen used in the deposition process. A comparative analysis of the distribution of the elemental composition by cross section of droplets with an average composition of multicomponent coating (TiZrNbAlYCr)N obtained by the vacuum-arc deposition method has shown that the droplet phase was mass of molten material of the cathode TiZrNbAlYCr with a slightly modified element composition to the side of heavy elements.
The closer to stoichiometric by nitrogen the composition of the nitride coatings is, the more often fcc phases are observed in the coatings. It should be noted that the formation of fcc lattice in multielement systems is confirmed by multiple literature sources [11, 12] . Along with this, such materials are more likely to form monophase solid solutions of the nitride phase rather than individual nitrides coexisting with each other.
The preferred texture of crystal growth of the coatings is the direction along the axis [111] . The presence of texture [111] in the coating indicates the preferred orientation of grains parallel to the surface of the sample with the The study of the impact of the bias potential on the formation of nitride coatings based on high entropy alloy (TiZrHfVNb) [13] has shown that with the change of Ub from -50 V to -100 V (see Figure 3 ), a texture with the axis [111] (Spectrum 3) is observed in the direction of growth of the crystals of the coating.
Formation of texture with a plane [111] in the NaCl type lattice (metallic fcc lattice and non-metalic atoms in octahedral interstitials) is defined by the fact that such planes are the most compacted (with the highest reticular density), and are monotype by the elemental composition, i.e. consist only of atoms of metal and/or nonmetal by means of alteration of them. At a sufficiently high mobility of atoms this is enough for stratification and the formation of compacted planes [111] parallel to the growth surface during the condensation process. This process is enhanced with the increase of energy factor at the increase of bias potential and at a low pressure of the operating atmosphere, which helps to reduce the dissipation of energy in the interelectrode gap due to collisions. By analyzing the data obtained during our research and the experimental data available in the literature, one can say that the preferential growth by the mechanism described above is inherent for implementation phases based on d-transition metals with NaCl type of lattice in the case of a strong covalent bond.
Thus, the analysis of the diffraction spectra of nitride coatings (Figure 1 analysis of substructural characteristics, which was carried out by means of the approximation method, indicates that the increase of pressure of nitrogen atmosphere leads to an increase of the average size of the crystals in the coating from 11.9 nm to 41.6 nm, with the decrease of the value of microdeformation ε from 1.11 % to 0.86 %. This is particularly the case for deposition conditions with a negative bias potential of 70-200 V.
The analysis of the substructural characteristics of the nitride coatings showed the dependence of the sizes of crystallites on the bias potential. Table 2 shows the results of the investigation of (ZrTiCrNb)N coatings obtained by means of vacuum-arc deposition method.
Data shown in Table 2 indicate that the size of grain greatly depends on the bias potential applied to the substrate. Due to it, the energy of falling particles decreases, resulting in a higher radiation component of the plasma stream. The increase in strength is the result of the increase in strong Me-N bonds in the coatings. Along with this, high entropy state leads to higher values of hardness compared to simple TiN coatings (HTiN  22-25 GPa). Figure 4 shows the graphs of the alteration of hardness and elastic modulus of the nitride multicomponent coatings (TiVCrZrHf)N depending on the applied bias potential [14] . There is an increase in hardness and elasticity modulus, with an increase of modulus of the negative bias potential up to -100 V. The values of hardness and elasticity modulus are H  (32-33) GPa and E  (268-276) GPa respectively. This tendency can be explained, firstly, by the size of grains, which decreases by 30 % with the increase of the value of bias potential applied to the substrate. In the polycrystalline material grain boundaries preventing the movement of dislocations. As a result of sliding, a gap in the plane of sliding from one grain to the other occurs in connection with different grain orientations. The smaller the grain, the higher the density of grain boundaries, the greater the hardness. Secondly, with the increase of bias potential, the consolidation of the coating occurs due to filling of intergrained emptiness, which also promotes the increase of hardness.
The factors promoting the increase of physical and mechanical properties of the coatings based on high entropy alloys were identified from the analysis of investigation results (see Figure 5) . 
CONCLUSION
The results of the studies, which were carried out, have shown that nitride multicomponent coatings have fcc crystal lattice and are monophase, which indicates of the effect of high entropy in the coatings.
With the increase in the negative bias potential on the substrate and during the deposition of nitride coatings based on multi-component systems, the texture [100] changes from -70 V to [111] at -120 V to -150 V. In this way, by alteration the deposition parameters at formation of nitride coatings based on multicomponent systems, one can set the structure and influence physical and mechanical properties of the studied coatings. 
